Abstract: Willow scale, Chionaspis salicis L. (Ham.: Diaspididae) is a major pest of poplar trees in Van. To understand population structure and density, and to determine reasons for population fluctuation of C. salicis, its population dynamics were investigated and a life table was constructed in 2000. Data were collected in three poplar tree plantations. Sampling was carried out every fortnight and 5 cm 2 parts of the stern of poplar trees were used as sampling units. C. salicis had one generation per year in Van. Generation mortality was extrennely high and approximately 71% of it occurred during the egg-crawler stage. Egg-crawler deaths caused by various factors were the most important mortality factors underlying fluctuations in the population. Parasitism and predation contributed to total generation mortality at the pre-ovipositing female stage and caused mortality rates of 14.7% and 18.6% respectively. Zaomma Iambinus (Walker) (Hym.: Encyrtidae) and Inostemma sp. (Hym.: Platygasteridae) were found as parasitoids, and Chilocorus bipustulatus L. (Col: Coccinellidae) and Temnostethus sp. (Hem.: Anthocoridae) as predators.
Introduction
Scale insects are important pests of many annual and perennial plants in and out of agricultural areas all over the world (Borchsenius 1966 , Yanin 1976 , Kozstarab and Kozar 1988 . One of them, Chionaspis salicis L. (Hom.: Diaspididae), is widely distributed and is an important pest of various shrubs and trees in Turkey (Bodenheimer 1949 (Bodenheimer , Y ı ld ız 1972 (Bodenheimer , Çanakçıoğ lu 1977 . It is especially a pest of poplar trees (Populus spp.) in Van in eastern Turkey where these trees are widely growrçand important for the local economy (Ya şar et al. 1995) . Its feeding activity (sucking plant sap) causes stunted growth and dying of young trees in heavy infestations. There is no empirical information about the population dynamics of C. salicis or about the factors which are responsible for the variation in its population density. In order to devise a sound management plan, it is important to understand the population structure and dynamics of any pest species and to determine factors (biological and physical mortality factors) causing the population fluctuation. For this reason the population dynamics of C. salicis were investigated and a life table was constructed in order to determine the temporal variation in population density and the reasons for population fluctuations. Important data, which could be used for developing descriptive models and control strategies for C. salicis, were obtained by determining age-specific mortality rates and mortality factors. The contribution of various mortality factors to generation mortality of C. salicis was calculated and mortality factors were determined.
Material and Methods
The study was carried out in three poplar (Populus nigra L.) plantations of the same age located in different places in Van region: Akköprü which is on North Hemp., Hatuniye on South Hemp., and Iskele on West Hemp. salicis during the study. Four trees were selected randomly for sampling in each of plantation. Due to the fact that C. salicis prefers the stern of the tree, one stern part with a surface area of 5 cm 2 was selected randomly as a sampling unit from alt four sides of each selected tree. Sampling was carried out every fortnight and the number of dead and alive individuals of C. salicis in the sampling unit was counted for each stage (egg, first and second instars, male, pre-ovipositing female and ovipositing female) except crawler and the causes of mortality were recorded. The number of crawlers was derived from the differences between hatched eggs and first instar nymphs due to the fact that they disperse.
With the data obtained by sampling in three plantations, a life table describing the mortality rates and factors in each age interval of C. salicis was constructed (Harcourt 1969 , Krebs 1972 , Morris and Miller 1954 , Morris 1963 age of cohorts, the number of individuals entering x over an entire generation the number dying from various mortality factors mortality factors responsible for dx, percentage mortality of /x.
The life table included five C. salicis age intenıals (x): Egg-crawler (Age interval of scale before settling was shown in a row as egg-crawler), first instar, second instar, pre-ovipositing female and ovipositing female.
Four mortality factors were identified: Parasitoids, predators, others ı and others2. The percentage parasitism was determined by counting parasitoid exit holes. Percentage predation was determined by counting scales which showed symptoms of feeding (chewed edges or ragged holes in them). Others ı represents wind dispersal, failure to find suitable sites for settling and unexplained death caused by various factors before settling. Others2 represents unexplained death caused by various factors and individuals that disappeared by unknown factors in sampling units after settling.
The relative contribution of the individual mortality factors to the generation mortality of C. salicis was determined by expressing mortalities as k, values, a logarithmic measure of the killing power of a mortality factor. The killing power of an individual mortality factor (k,) was calculated as the following:
where Nii is the number of individuals entering the ith stage before action of the mortality factor, and N i ] + ı is the number of surviving individuals of the jth stage after action of mortality factor (Varley and Gradwell 1960) . Total generation mortality (K) was calculated by summing submortalities (individual k values) as follows:
where ki= parasitism, k2 = predation, k3 = Others ı , ka = Others2.
lndividual k values were plotted against the log of the number entering the stage (age interval) on which it acts to determine density-dependence of a mortality factor (Southwood 1978) . A mortality factor was assumed density-dependent when a positive relationship was found between submortality factor (k,) and the log of the number entering stage with coefficient, b, significantly greater than 0 (Luck 1971) .
Results
C. salicis had one generation per year in Van, overwintering in the egg stage beneath the scale cover. Hatching occurred in the first quarter of May and the crawlers settled mainly on the stern and rarely on the shoots of the poplar trees. The first and second instar nymphs completed their development by the end of the June and pre-ovipositing female appeared in the second half of June. The ovipositing female appeared in the middle of September for the first time and alt of them died during the first two weeks of November (Fig. 1) . Sex discrimination was apparent (by the shape of scale cover) from the second fortnight of June and sex ratio was 73.9 : 26.1 (female : male).
The population dynamics of C. salicis was summarized in a life table, representing three locations (Table 1) . Approximately 9% of deposited C. salicis eggs failed to hatch because of unknown reasons. Possible causes of this egg mortality may have included natural egg sterility, disease and undetected predation. After egg hatching a large number of crawlers died (Table 1) . Others ı (k3) had the highest contribution to the decline of the egg-crawler population and caused about 71c/0 mortality. This is apparent from the high k value of others ı (k3) shown in Table 1 . Others2 (k4) made a considerable contribution to mortality of the first and second instar nymphs and pre-ovipositing female. The greatest contribution to total generation mortality (K) was made by others2 (k4) after scale settling (Tablet). Parasitism was observed at only the pre-ovipositing female stage and mortality caused by parasitoids was lower than other mortality factors operating at this stage. Zaomma lambinus (Walker) (Hym.: Encyrtidae) and Inostemma sp. (Hym.: Platygasteridae) were the only parasitoids recovered. The contribution of predation to scale mortality could only be observed at the pre-ovipositing female stage although predators were observed Ön the trees from May to the end of October. The ladybeetle Chilocorus bipustulatus L. (Col: Coccinellidae) (as chewing predator) and Temnostethus sp. (Hem.: Anthocoridae) (as piercing-sucking predator) were the predators recovered. C. bipustulatus was more encountered than Temnostethus sp. at alt scale stages except the egg-crawler stage. Rates of predation might be higher than observed because the contribution of Temnostethus sp. to mortality could not be determined and some of the scale individuals that disappeared at the first and second instars might have been connpletely consumed by C. bipustulatus. Overall generation mortality of C. salicis was found to be 99.45% and after settling of the crawlers only 2.7% of scale survived. From density-dependence tests, a significant positive relationship was found between ki and log (initial density) of the pre-ovipositing female, and between k3 and log (initial density) of egg-crawler stage (Fig 2) . The slopes for acting on pre-ovipositing female and k3, acting on eggcrawler stage were significantly greater than 0 (P > 0.05), which implies density-dependence. Some regression coefficients for the relationship between the other mortality factors and the number of scales on which they acted were positive, but smaller than 0.05, while some were negative, implying inverse density-dependence.
Discussion
The number of eggs that did not hatch was not very high, but after eggs hatching considerable mortality was observed at the crawler stage. Reasons for high crawlers mortality could be wind dispersal, failure to find suitable settling sites and undetected predation. Predation might impose considerable mortality at the egg-crawler stage, because the predators (C. bipustulatus and Temnostethus sp.) were observed at this scale stage. Others2 (k4), which acts on the first instar, second instar and pre-ovipositing female stages, appeared to be of considerable importance in contributing to total generation mortality. Killing power (k) values of this mortality factor show its contribution clearly. The rate of predation could have been higher if its real contribution could have been determined at all scale stages. Owing to this reason, taking the possible underestimation of predation at all scale stages into account, the possibility of the predation being able to regulate the population of C. salicis should not be excluded. The mortality rate caused by parasitism at the pre-ovipositing female stage was 14.74%. It was suggested that this rate was important for an organism in a biological control program (Bellows et a1.1992 ). Varley and Gradwell (1970) stated that densitydependent mortality factors could cause variation in generation survival when the regression coefficient (b) is between 1.0 and 2.0. According to Luck (1971) , variance in generation survival can be caused by both densitydependent and density-independent mortality factors. Density-dependence tests from our study indicated that others ı (k3) and parasitism (ki) had density-dependent regulatory effects on the population of C. salicis and the value of the regression coefficient (b) was between 0 and 1, indicating that these factors didn't as such contribute much to variance in generation survival. In contrast, predation (k2) and other2 (k4) were acting randomly and acting to destabilize the population.
Conclusions
In this study, the results suggest that others ı (k3) had the highest contribution to the generation mortality of C. salicis. Nevertheless, it remains to be examined in more detail whether natural enemies, when predation and parasitism are combined, are able to regulate the C. salicis population, especially for constructing a biological control program.
